properly focused in both air and water. Remarkably, the switch from aerial to excellent aquatic vision was complete before the first clear video frame was acquired after submergence, in less than 100 milliseconds. The animal tolerates its high-speed penetration of the water's surface so well that it can sight its prey immediately and initiate pursuit as soon as the momentum of the plunge dissipates. Its visual abilities provide remarkably successful underwater pursuit predation -while only about half of the initial plunges lead to prey capture, over 90% of pursuits are successful, and birds not uncommonly capture one fish in the plunge and another during pursuit.
The speed of the transition from aerial to aquatic vision is almost certainly achieved by actively reshaping the lens against the iris (left path in Figure 2 ), although direct evidence for this is still lacking. Whether or not gannets or other amphibious birds can accommodate for sharp imaging of prey sighted at different distances underwater is also unknown. Such an ability should be advantageous for high-speed, visually directed pursuit, but it is apparently lacking in dolphins and possibly other marine mammals [10] . In addition, underwater vision requires rapid adaptation to a dimmer, bluer light environment than in air. As extremely successful hunters, gannets obviously are able to cope with these instantaneous changes in their visual world.
Systemic RNAi, the intercellular spreading of RNAi silencing, requires SID-1 and SID-3 to import silencing signals in Caenorhabditis elegans. How are these signals exported? SID-5, an endosome-associated protein, is a candidate for the job. Light enters the eye through the cornea, passes through to the lens via the aperture formed by the iris, and is focused onto the retina. Accommodation is achieved using the ciliary muscle, in the ciliary process connecting the outer margin of the lens to the rigid outer coat of the eye. The rigidity is increased by the presence of a ring of intraocular bones, the scleral ossicles, surrounding the eye below the cornea. In birds like penguins, the power of the cornea is reduced by having a flatter curvature; the lost power is regained with the use of a more spherical lens (right side, with the modifications indicated by arrows). Diving ducks, and probably gannets, employ a different mechanism, diagrammed on the left. They use the ciliary muscle to pull the lens forward, and the muscles of the thicked iris force the lens's anterior surface into a projection with a very short radius (and thus increased refractive ability), again indicated by the arrows (drawing by Judy Rubin).
discovered early on was that microinjection of dsRNA into one part of the body elicited silencing in another part, evoking the existence of an RNA-transport system. This was further demonstrated by the fact that 'environmental RNAi', soaking animals in dsRNA or feeding animals bacteria expressing dsRNA, allowed RNAi transmission through the intestine, inducing potent silencing in most tissues [2, 3] . The best understood mediator of systemic RNAi in C. elegans is SID-1, a dsRNA membrane channel required for cellular import of RNAi silencing signals [4] [5] [6] . sid-1 mutants are resistant to environmental RNAi, but are capable of cell autonomous RNAi induced either by injection of dsRNA directly into the cell, or by transgenic expression of a dsRNA [4, 7] . However, sid-1 mutants are defective in the spreading of this silencing signal to other cells and tissues. SID-1 is required cell autonomously in the recipient cell to import, rather than export dsRNA. Expression of sid-1(+) in the body wall muscle cells of a sid-1(-) animal restores RNAi specifically in the body wall muscles in response to both environmental RNAi transiting the intestine and transgenic RNAi expressed in the pharynx (Figure 1 ) [4, 8] .
Interestingly, sid-1 mutant intestinal cells are refractory to environmental RNAi, but are capable of transporting the dsRNA signal across the intestine [9] . SID-1 is therefore not required for uptake of dsRNA across the intestinal lumen, or transit through the intestine. This implies that ingested dsRNA is transported across the intestine into the pseudocoelom (body cavity) before reentering the intestine through SID-1 to elicit an RNAi response (Figure 1) .
In a recent issue of the Proceedings of the National Academy of Sciences USA, Jose and colleagues report the initial characterization of SID-3, which was shown to be required for efficient systemic RNAi [10] . Like SID-1, SID-3 is widely expressed in most tissues and SID-3 is required cell autonomously in the recipient cell to import RNAi silencing signals (Figure 1 ). SID-3 appears to be the C. elegans ortholog of the ACK tyrosine kinase, and requires a functional kinase domain for rescue of RNAi spreading in sid-3(-) animals. It is not yet known what the relevant phosphorylation targets of SID-3 are, nor how it functions with respect to SID-1; however, the authors suggest a possible role in endocytosis.
SID-2 also plays a role in the import of RNAi [9, 11] . SID-2 is a single-pass transmembrane protein that is specifically expressed on the lumen of the intestine where it is presumed to mediate uptake of dsRNA into the intestine, likely through endocytosis. It is not required for systemic RNAi but is required for environmental RNAi. While SID-1, SID-2, and SID-3 have roles in importing RNAi silencing signals, there are presumably other factors involved in exporting these signals to mediate systemic RNAi.
In this issue of Current Biology, Hinas et al. [12] report the identification of SID-5, an endosome-associated protein required for efficient systemic RNAi. sid-5 mutants were identified in the same genetic screens that identified mutations in the sid-1, sid-2 and sid-3 genes [4] ; however, sid-5 has a distinct role in systemic RNAi. The authors' work suggests that SID-5 regulates cellular export of RNAi silencing signals.
Similar to sid-1 and sid-3, sid-5 is required for environmental RNAi targeting both exogenously During environmental RNAi, ingested dsRNA (double black line) enters the worm via SID-2 (blue) on the intestinal lumen. SID-5 (red) is associated with endosomes (white circles) and is required for dsRNA transit and/or exit from the intestine into the pseudocoelom (body cavity). SID-1 (purple) and SID-3 (yellow) are required to import dsRNA back into the intestine or into more distal tissues, such as the body wall muscle cells, to suppress expression of a target gene (green). Similarly, during transgenic RNAi, SID-5 is likely required for export of the silencing signal (depicted as a double-stranded RNA hairpin) out of the cell, in this case the pharynx, while SID-1 and SID-3 are required for import in distal tissues. expressed green fluorescent protein and endogenous targets [12] . The sid-5 gene is required for the spreading of transgene-derived RNAi silencing signals from the pharynx to the body wall muscle cells, but is not required for the transgene to elicit cell autonomous RNAi in the pharynx. Hence, sid-1, sid-3 and sid-5 are not required for RNAi, but are required for intercellular spreading of RNAi silencing.
Unlike sid-1 and sid-3, sid-5 is required in a cell non-autonomous manner to mediate systemic RNAi. Expression of sid-5(+) in the intestine, but not body wall muscle cells, is sufficient to restore RNAi silencing in body wall muscle cells of sid-5(-) animals exposed to environmental RNAi. Expression of sid-5(+) in the intestine fails to rescue systemic RNAi transmitted from the pharynx to the body wall muscles of sid-5(-) animals, where SID-5 would presumably be required in the pharynx. Furthermore, sid-5 is required for the sid-1-independent transport of ingested dsRNA across the intestine. These data are consistent with sid-5 being required for export of RNAi silencing signals, where it might function downstream of SID-2 and upstream of SID-1 and SID-3 to mediate the systemic RNAi response to ingested dsRNA ( Figure 1) . SID-5 is predicted to be a 67 amino-acid protein with a single predicted transmembrane domain. It is ubiquitously expressed and exists as punctate structures in the cytoplasm that associate with the late endosomal/lysosomal proteins RAB-7 and LMP-1. The association of SID-5 with late endosomes is quite intriguing given the implication of multivesicular bodies (MVBs) in both the regulation of small RNAs and their secretion in exosomes [13] .
MVBs (typically late endosomes containing intra-luminal vesicles) have been implicated as a site of microRNA and small interfering RNA competence and/or function in mammalian and Drosophila cells [14, 15] . Disrupting the endosome-sorting complex required for transport (ESCRT) machinery (which sorts mono-ubiquitinated proteins into the intra-luminal vesicles) disrupts microRNA function. Conversely, disrupting fusion between MVBs and lysosomes enhances processing. MVBs can also fuse with the plasma membrane and release the intra-luminal vesicles to the extracellular space as exosomes, which have been shown to transfer RNAs between cells [16] .
Since SID-5 associates with RAB-7-positive vesicles, and the Rab7 GTPase regulates late endosome/MVB trafficking to lysosomes, Hinas et al. [12] propose that SID-5 could function by blocking MVB fusion with lysosomes, thus promoting exosome release. In C. elegans, RAB-7 does not appear to be required for environmental RNAi [17, 18] , but this does not rule out a possible antagonistic role in systemic RNAi. It should be noted that Rab7 is required for dsRNA uptake and/or RNAi in Drosophila S2 cells [18] , and for exosome release in mammalian cells [19] .
ESCRT has been shown to be important for exosome release in mammals and C. elegans [19, 20] . If MVBs and exosome release are important for systemic RNAi, one might expect the ESCRT complexes to be involved in packaging and export of dsRNA silencing signals. Having a predicted transmembrane domain, a provocative role for SID-5 would be that of a receptor for internalization of dsRNAs into MVBs.
Not shown in this study is whether SID-5 regulates endosome trafficking, or if endosome trafficking regulates systemic RNAi in C. elegans; at this point it is merely guilt by association. A future challenge will be to determine the mechanism by which SID-3 and SID-5 regulate systemic RNAi, and if the emerging relationships between small RNA processing, MVBs, and exosomes in other organisms translates to systemic RNAi in C. elegans.
